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SARS-CoV2 Spike-Protein: Site-Specific Breakpoints for the Development of

COVID 19 Vaccines

ABSTRACT

SARS-CoV2 is a member of human coronaviruses and is the causative agent of the present
pandemic COVID-19 virus. In order to control COVID-19, studies on viral structure and
mechanism of infectivity and pathogenicity are sorely needed. The spike (S) protein is comprised
of S1 & S2 subunits. These spike protein subunits enable viral attachment by binding to the host
cell via ACE-2 (angiotensin converting enzyme-2) receptor, thus facilitating the infection.
During viral entry, one of the key steps is the cleavage of the S1-S2 spike protein subunits via
surface TMPRSS2 (transmembrane protease serine 2) and results in viral infection. Hence, the S-
protein is critical for the viral attachment and penetration into the host. The rapid advancement of
our knowledge on the structural and functional aspects of the spike protein could lead to
development of numerous candidate vaccines against SARS-CoV2. Here the authors discuss
about the structure of spike protein and explore its related functions. Our aim is to provide a

better understanding that may aid in fighting against CoVID-19 and its treatment.
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1. Introduction

Currently, the world is in the middle of a pandemic due to the newly emerged
coronavirus also called as SARS-CoV2 which resulted in coronavirus disease 2019 (COVID-19).
In the recent past, few pandemics have occurred around the world due to coronaviruses, such as
SARS and MERS. The WHO confirmed COVID-19 a “pandemic” on March 11, 2020 (WHO,
2020). COVID-19 behaves differently from previous pandemics, which has led to a state of
general panic due to the lack of appropriate medications/vaccination. Since vaccination and
immediate medical solutions are currently lacking, all countries have widely agreed to practice
social distancing as a strategy to prevent the spreading of disease and perform simultaneous
screening confirmation tests. Recent studies revealed that the hyper-inflammation caused by
COVID-19 leads to tissue damage, releases tissue factor, and induces thrombosis and vascular
constriction. This is considered one of the main factors responsible for the increased mortality in
patients with hypertension. Despite all the measures undertaken, the COVID-19 crisis is still
causing devastation around the world, with mortality and morbidity increasing every day (Li et
al., 2021). Worldwide,218.94 million cases and 4.53 million deaths were reported as on
September 05, 2021(https://www.who.int/covid-19). Thus, the current dramatic situation

prompts us to generate appropriate vaccines and anti-COVID-19 drugs. SARS-CoV2 has an



identical infrastructure to previous pandemic viruses, especially SARS. However, due to certain
mutations in the genome, it behaves differently.

Symptoms of COVID-19 may develop in 2 days to 2 weeks after exposure and could be
mild to moderate. The symptoms include pneumonia, cough, and difficulty in breathing, loss of
smell and taste, diarrhea (Zhang et al., 2020a). On the other hand, in susceptible people such as
immune-compromised, diabetic patients or the elderly, SARS-CoV2 may cause severe fever,
followed by death due to multi-organ failure (Xian et al., 2020). Hence, a novel approach to
combat COVID-19 is urgently needed.

Coronaviruses are a large member of respiratory viruses under the Coronaviridae family
of Nidovirales order (Weiss and Leibowitz, 2011). They are enveloped viruses containing a
positive-sense single-stranded RNA genome [(+)ssRNA virus] and causing mild to severe
respiratory syndromes. Based on genotypic and serological characterization, coronaviruses are
traditionally classified into 4 genera: 1) a coronavirus, 2) f coronavirus, 3) y coronavirus, and 4)
o coronavirus (Yang and Leibowitz, 2015). Previously, six groups of human coronaviruses (H-
CoVs) had been reported: i) H-CoV 229-E, ii) H-CoV OC-43, iii) H-CoV HKU-1, iv) H-CoV
NL-63, v) SARS, and vi) MERS (Zaki et al., 2012). The ongoing SARS-CoV?2, which is causing
the COVID-19 pandemic outbreak, is a novel member in the Coronaviridae tamily.

COVID-19 is now grouped as the seventh member of H-CoV diseases, after OC43, 229E,
NL63, HKU1, MERS, and SARS (Huang et al., 2020). SARS-CoV2 has been identified as a
zoonotic virus that resides in bats and may infect intermediate hosts like palm civets before
human transmission (Zhou et al., 2020). SARS-CoV2 was assumed to have originated from bats

because of its high genetic matching to bat-coronaviruses (Lu et al., 2020). To date, no evidence



is available regarding the intermediate reservoir linking SARS-CoV2 infection to humans.
COVID-19 emerged from China and within a short time span spread to other countries.
Coronaviruses harbor a special characteristic spike (S) protein that projects from the
virion surface like a crown so the name coronavirus (Lu et al., 2020). The spike protein protrudes
~150 A out of the 500-2000 A diameter viral envelope, is making it to be one of the most
prominent players for host cell interaction and subsequent viral entry followed by a severe
infection (Pal, 2021). The S-protein comprises of two subunits — S1 & S2. . The S1 subunit has
four domains of which the receptor binding domain (RBD) is crucial as it binds to angiotensin
converting enzyme-2 (ACE-2) receptor of the host cells. The S2 subunit of the spike protein is
important for fusion of viral envelope and the host cell membrane (Shang et al., 2020). The
priming of the S-protein is initiated by the enzyme transmembrane protease serine 2
(TMPRSS2), which is vital for the entry of SARS-CoV2 into the host (Hoffmann et al., 2020;
Lan et al., 2020; Wrapp et al., 2020). Once the virion attaches to the host cell, TMPRSS2 cleaves
the S-protein, thereby exposing the S2 subunit, and allowing viral fusion and viral RNA release
into the host cell. The RNA is then replicated, disseminated to neighboring cells thus resulting in
the spread of infection within the host (Du et al., 2009). Thus, the S-protein is essential in the
infectivity of SARS-CoV?2. This review describes what is currently known about the structural
interactions of the S-protein and the host response to SARS-CoV2 entry, with a focus on make

COVID-19 vaccine research and development.

2. Structural feature and life-cycle of SARS-CoV2



SARS-CoV2 is spherical shaped, enveloped particle with a diameter of 65—125 nm (Liu
et al., 2020). It has a (+)ssRNA molecule bound to nucleoprotein in a capsid consisting of
matrix-protein. Structurally, SARS-CoV?2 is composed of 4 structural proteins: i) membrane(M)-
protein, ii) nucleocapsid(N)-protein, iii) spike(S)-protein, and iv) envelope(E)-protein, (Lu et al.,
2020). Spike protein, also called the S-protein, which has been viewed at the atomic level using
electron microscopy, is responsible for viral entry into the host through a fusion process (Wrapp
et al., 2020).

During infection, the heptad-repeats (HR1 & HR2) and the putative fusion-peptide (FP)
of the S2 subunit of S-protein involve with a major role in fusion of the virion and the host cell
(Xia et al., 2020). The infection of SARS-CoV2 is initiated with the binding of the S1 subunit
(RBD domain) from the S1 subunit to the ACE-2 receptor on host cells (Fig. 1). Recent studies
have shown that proteases of the host cell are crucial for the entry of SARS-CoV2 into the host
(Belen-Apak and Sarialioglu, 2020). Recent corona viral pathogenesis studies with mouse
Hepatitis-virus (MHV-A59) showed that the fusion loop of S-protein is essential for the viral
fusion and infection (Pal, 2021). Further analysis of the spike protein revealed that the fusion
loop brought 3 fusion peptides in contiguous manner resulting in synergistic trigger for the
fusion with host cell (Pal, 2021).

Although the first step is the binding of the virus to the host cell receptor, the cleavage of
subunits S1-S2 to expose the S2 subunit is crucial for the proper fusion of the viral coat protein
with host cells and thus, for infection (Zhou et al., 2020). Upon binding to ACE-2, TMPRSS2
exerts S-protein priming (Hoffmann et al., 2020). The efficiency of ACE-2 binding is crucial for
efficient virus transmission as evidenced by the structural analysis of SARS-CoV2 S/ACE2

interface at the atomic level (Lan et al., 2020).Among the spikes of human coronaviruses, the



SARS-CoV2 spike trimer is unique as it has the higher hydrophobicity, more rigid fusion protein

due to the occurrence of consecutive prolines, aromatic/hydrophobic amino acids (Pal, 2021).

SARS-CoV2 predominantly enters the host through the respiratory airways by endosomal
membrane fusion in the cells of the respiratory tract (Tang et al., 2020). Interaction of the RBD
and cell receptor results in a series of conformational changes leading to a transient pre hairpin-
intermediate of S-2 that exposes the hydrophobic region (HR1), allowing the FP to insert into the
host cells (Lan et al., 2020). After fusion is established, the 6-helix bundle structure (6-HB) is
stabilized by refolding of the S2 intermediate, with HR2 bringing the virus and host cell closer
(Xia et al., 2020), thus completing the fusion and beginning the viral life cycle (Fig. 2). Recent
reports on MERS-CoV and other coronaviruses have shown that the S2 domain is crucial for
viral attachment and a major target to develop the coronavirus vaccines (Xu et al., 2019). The S2
domain of MERS-CoV has the following features: membrane fusion function, presence of a
hydrophobic FP region at the N terminus, and HR1 and HR2 regions (Xu et al., 2019). Raj et al.
(2013) showed in a co-purification experiment that the cellular receptor of MERS-CoV is CD26
[also known as di-peptidyl-peptidase-4 (DPP4)]. Further work on peptides that block 6-HB
formation in MERS-CoV have shown the inhibition of viral replication and spike mediated
virus-cell fusion, thus confirming the potential of the S-protein as a candidate for the prevention

of viral entry and multiplication (Xia et al., 2020; Wang et al., 2019).

3. Genome organization and targetdomains of the S-protein

SARS-CoV2 harbors a (+)ssRNA genome with 29.9Kb in length and encoding 13 open

reading frames (ORFs) and codes for 27 proteins (Wrapp et al., 2020, Li et al., 2021). The major



ORF (ORF 1la and 1b) comprises 2/3 of the viral genome and codes for 2 polypeptides (PP1a and
PP1b) and sixteen non-structural proteins (NSP). The remaining ORFs code for 1) structural
proteins like small envelope (E) protein and spike (S) glycoprotein, which are necessary for viral
infection and multiplication; and ii) accessory proteins like nucleocapsid (N) protein and matrix
(M) protein, which interfere with the host immune response (Fig. 3). SARS-CoV and MERS-
CoV have large genomes of 27.9Kb & 30.1Kb in length, respectively (Wu et al., 2020); the
SARS-CoV2 genome obtained from a COVID-19 patient from Wuhan (WHCV, Wuhan Hul)
was 29.9-Kb in length (Huang et al., 2020). Recently, 16 NSP (non-structural proteins) were
discovered in the WHCV genome upon deep meta-transcriptomic sequencing analysis (Magrone
et al., 2020).

S-protein of SARS-CoV2 is known as a type-I-transmembrane glycoprotein derived from
a precursor glycoprotein of 1273 amino acids in length, and majority of the protein including the
amino terminus was found on the outer surface of the virus. Structural analysis of the S-protein
revealed the presence of 4 domains: 1) a single peptide domain (amino acid residues 1~ 2), ii) an
extracellular domain (13 ~ 1195 amino acid residues, iii) a transmembrane domain (1196 ~ 1215
amino acid residues), and i1v) intracellular domain (1216 ~ 1273 amino acid residues) (Wrapp et
al., 2020). The host enzymes like trypsin, cathepsin I and Factor Xa have cleaved subunits, S1
and S2 of SARS-CoV S-protein (Belen-Apak and Sarialioglu, 2020). Appropriate proteases cleave
the S-protein into S1 and S2 at furin and S20 sites (Andersen et al., 2020; Li et al., 2021). The S1
subunit contains an RBD domain (amino acids 319-510) that produces a concave surface upon
interaction with the host cell receptor ACE-2 (Yan et al., 2020). For complete contact with ACE-
2, the RBM (receptor binding motif) consisting of 424-494 amino acids of the RBD is essential,

and hence is also known as receptor-binding loop (Weiss and Navas-Martin, 2005). In the



SARS-CoV, two amino-acid residues at positions 480 and 490 of the RBM are crucial for
disease progression and tropism (Xu et al., 2019). Studies using mice, rats, and civets have
shown that any alteration in these amino acids results in drastic changes in the efficiency of
animal ~ human (or) human ~ human spread (Xu et al., 2004; Zaki et al., 2012). The subunit, S2
of SARS-CoV is essential for fusion of the virus and the host cells, has been shown to consist of
two domains (HR1 and HR2), and the HR1 domain was found to be longer than HR2 (Xu et al.,
2019).

In MERS-CoV infection, the S-protein is cleaved in a similar fashion, resulting in S1
subunit and S2 subunit (Du et al., 2009). Like SARS-CoV, the S1 subunit possesses an RBD that
assists in attachment of the virus to host cells via the receptor DPP4 instead of the ACE-2
receptor (Chen et al., 2013; Wan et al., 2020). The SARS-CoV2 S-protein has a strong structural
match with SARS-CoV, as both viruses prefer ACE-2 for attachment (Chen et al., 2020; Du et
al., 2009). During SARS-CoV infection, other cellular receptors such as C-type lectin CD209L
and dendritic cell specific intercellular adhesion molecule three grabbing non-integrin(DC-
SIGN) act as secondary receptors for viral attachment. Ultimately, the SARS-CoV2 S-protein is
crucial for anchoring into host cells (Chen et al., 2020), and viral replication (Du et al., 2009).
Several mutations have been reported with the SARS CoV2 genome and the resulting S-protein
is with higher infectivity, spread and severity of the disease (Guruprasad, 2021; Huang et al.,
2020; Ou et al., 2021; Korber et al., 2020). Two crucial mutations V367F of RBD and D614G in
S glycoprotein were found to be important for the increased spreading of the disease (Huang et

al., 2020; Korber et al., 2020; Ou et al., 2021,).

4. Functions of SARS-CoV2 spike protein



The SARS-CoV2 S-protein plays pivotal functions for COVID-19 and subsequent
pathogenesis, with subunits S1 and S2 playing major roles in: (i) identification and binding to
host receptors (RBD domain of S1 subunit), and (ii) fusion in-between the membrane of host cell
(S2 Subunit) and the viral envelope(Chen et al., 2020). The RBD (S1 subunit) was found to be
crucial for attachment of the virus to the host cell receptors in SARS-CoV2 infection. The ACE-
2 receptor binds to 14 of the 18 amino acids of the RBD, with positions R453 of RBD & K341 of
ACE-2 necessary for complex configuration (Xiao et al., 2003; Yang et al., 2007). Recently,
cryo-electron microscopic analysis on the interaction of N501Y mutant S-protein revealed the
extra interaction between Y501 of S-protein and Y41 of ACE-2 receptor. This interaction has
been predicted to increase the infectivity and affinity of the SARS-CoV2 UK variant in humans
(Zhu et al., 2021). Simultaneously, FB is built up on the target host cell membrane as HR1 and
HR2 domains make the fusion core 6HB structure thus, allowing the viral envelope and host cell
membrane to come close for membrane fusion (Yang et al., 2007). A similar infection pattern
was found in MERS-CoV infection, with HR1 and HR2 of the S2 subunit playing
complementary roles (Chen et al., 2013). In SARS infection, secondary receptors like DC-SIGN
and Liver SIGN lymph node (L-SIGN) have been found to anchor the virus (Han et al., 2007).
The asparagine-related glycosylation of the amino acids at site of 109, 118, 119, 158, 227, 589,
and 699 in spike was found to be vital for DC-SIGN/L-SIGN intermediate viral entry into the
host. The residue functions independently of the ACE-2 receptor in SARS-CoV (Coleman et al.,
2014). Finally, for SARS-CoV2 to enter the host cells, the activation of the S-protein by

TMPRSS?2 is essential, and once inside the host cell, the virus multiplies and spreads infection

10



(Hoffmann et al., 2020). Hence the spike protein could be a potential candidate for vaccine

development against COVID-19.

5. COVID-19 vaccines: mediated by spike protein

To manage COVID-19, vaccines are one of the most effective and economical
approaches. Currently, DNA vaccines (adenoviral based - Astrazeneca, Johnson & Johnson,
Gam-COVID-vac - Sputnik) and mRNA-based vaccines (Pfizer and Moderna) with lipid
nanoparticle delivery system have been approved by FDA for the emergency use due to lack of
immediate antiviral drugs (Teijaro and Farber, 2021; Banerji et al., 2021). Though these have
been approved for emergency, most of them are undergoing clinical trials (III phase) and safety
issues like antibody dependent enhancement (ADE), pro-inflammation, blood clotting and
cytokine storm needs addressing (Li et al., 2021;Vabret et al., 2020).Hence the development of
an efficient vaccine is requiredurgently, and several researchers have been actively working on
different types of vaccines against COVID-19. Studies from MERS and SARS have revealed that
the S-protein is a main antigenic molecule that can induce antibodies blocking viral entry. In
addition, such antibodies help to stimulate host-immune responses and neutralizing antibody
production, protecting the host immune system against viral infection (Amanat and Krammer,
2020; Xu et al., 2019). Studies are reporting the S-protein as a major target to develop the
vaccine development and study against SARS and MERS (Table 1).

The spike protein is indeed an excellent for vaccine research against SARS-CoV?2 due to
its imperative features (Zhang et al., 2020b). Firstly, the S-protein could be noticed by the host

immune system easily as it is found on the virus surface. Secondly, it is essential for anchoring
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and interaction with ACE-2 for the viral entry. Finally, the S-proteins from SARS-CoV and
MERS-CoV were used to develop the effective vaccines, which are closely related to the SARS-
CoV2 S-protein (Zhang et al., 2020b). The S-protein (140 kDa) consists of 1270 amino acids and
assembles into a homo-trimer commonly found in first class membrane fusion proteins. Clover
Biopharmaceuticals has produced a vaccine (S-Trimer) based on the S-protein from SARS-CoV2
using a patented technology (Trimer Tag © technology). The vaccine was produced using a
mammalian cell culture system and the preclinical safety trails will be completed soon (Padron-
Regalado, 2020). Recently, two preventive approaches using gold nanoparticles based
conjugation (AuNP-S461-493) and Biovacc-19 peptide vaccine (Farfan-Castro et al., 2021;
Sorenson et al., 2020) have been reported and are in different phases of clinical trials. Another
vaccine developmental study is involved in the production of recombinant RBD of SARS CoV2
in plants and further analysis in mice revealed the occurrence of induce potent neutralizing
response (Mamedov et al., 2021).

Based on previous studies,S-protein was found to contain 2 domains: i) N-terminal
domain (NTD) and ii) C-terminal domain (CTD), which contains the RBD. The S2-subunit was
found to consist of elements essential for viral fusion, including the internal membrane protein, 7
peptide repeats (2 No’s), one membrane proximal external region (MPER), and one trans-
member domain (TM) (Li, 2016). Very recently, the structure of two peptides from the SARS-
CoV2 S-protein were studied in detail: 1) S-trimer of SARS-CoV?2 in perfusion conformation,
and 11) RBD in association with ACE-2, which could potentially result in better vaccine design
(Lan et al., 2020; Wrapp et al., 2020). Thus far, among the different subunits and domains of
SARS-CoV2, the S-protein (full length), NTD, RBD, FP, and S1 subunit have emerged as prime

candidates for vaccine development.
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The SARS-CoV2 S-protein would be preferable over other subunits or domains, as it
would have a proper conformation, more epitopes, and higher immunogenicity. The recombinant
pre-fusion S-protein of MERS-CoV induces production of high neutralizing antibody titers upon
vaccination of BALB/c mice, thereby conferring protection (Pallesen et al., 2017). Amanat and
Krammer (2020) showed that immunization of mice with an S-protein produced in baculoviral
insect cells assembled into nanoparticles and with alum as an adjuvant resulted in high
neutralizing antibody titers. Muthumani et al. (2015) utilized a DNA vaccine strategy against
MERS-CoV S-protein and demonstrated immunity in camels, Rhesus macaques, and mice, thus

confirming the potential of the coronavirus S-protein in vaccine production.

6. Conclusions

In conclusion, the S-protein possesses rich unique features that are absent in other
structural proteins of SARS-CoV2. The S-protein of SARS-CoV?2 interacts with the host cell
receptors like ACE-2 and results in viral attachment. The subsequent interaction of the different
S subunits and domains assists entry of virus into the host cells, thus resulting in pathogenesis.
Further studies on the mechanism of affinity between ACE-2 and SARS-CoV2, and the
interaction of the viral envelope with host cell membrane would be helpful to develop the
potential vaccines towards COVID-19. Vaccine development is the effective and economical
strategies for preventing and controlling SARS-CoV2. At present, there is an immediate
necessity to obtain strong and safe vaccines to prevent COVID19 infections. Many researchers
are attempting to utilize the spike protein for vaccine design because they are safe and most

effective in eliciting an immune response in the host as shown for other coronaviruses. However,
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concerns have been elevated about the utilization of the full-length S-protein, as it consists of
non-structural peptides and non-neutralizing/immune-dominant epitopes that could result in the
enhancement of SARS-CoV?2 infection (or) cause an inflammatory response in immunized hosts.
Thus, it is imperative to select a key functional region/subunit of the S-protein of SARS-CoV2
that could neutralize the whole virus. Alternatively, T-cell epitomes could be employed for
vaccine production.

In the present review, we have discussed the latest information on pathogenesis of SARS-
CoV2 with reference to the S-protein, including its structural features and functions in viral
infection. We have also discussed the gaps in the field that need to be addressed to increase our
knowledge regarding the role of the S-protein in pathogenicity. We further outlined the research
areas that would allow the elucidation of the mechanism of viral infection, the creation of
reproducible animal models, as well as the counter measures to overcome not only SARS-CoV2,
but also emerging and re-emerging coronaviral diseases.
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Figure Legends

Fig. 1. Structural features of SARS-CoV2 S-protein and its functions. Interaction of the S-protein

with host cells: The host cell ACE-2 receptor anchors the virus via the RBD of the S-protein.

Fig. 2. Graphic representation of S-protein assisted membrane fusion mechanism of SARS-
CoV2: Interaction of the RBD from the S1 subunit peptide with the DPP4 receptor results in (i)
the formation of a pre-hairpin structure, thus exposing HR1 and inserting the fusion peptide into
the host cell membrane, (ii) formation of fusion intermediates by FP interlinked with the host cell
membrane, and (iii) 6-HB formation by refolding of HR2 into stabilized trimer hairpins, thus
bringing the virus and host cell closer for fusion. Additional conformational changes may occur

during the fusion process.

Fig. 3. Genomic organization of SARS-CoV2 and structural features of the S-protein: The
genome of SARS-CoV?2 exhibits of 2 major ORFs (1a and 1b), coding for sixteen-non-structural
proteins (16 NSPs) and other structural proteins like the S-protein, E-protein, M-protein, N-
protein. The spike protein contains S1 and S2 subunits; each carrying domains like the NTD,

RBD, FP, etc. Arrowheads indicate protease-cleavage sites.

Table 1

Summary of potential vaccines for SARS-CoV & MER-CoV.

Type of Vaccines Target Procs Cons Reference

Deoxyribonucleic  Spike Avoids handling of Delivery vehicles (Zhao et al., 2004)
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acid (DNA)

protein

infectious virus, high
thermal stability, rapid
scale up possible,
cheap production,

human test conducted

(SARS-CoV).

needed to obtain high

immunogenicity.

Ribonucleic acid

(RNA)

Spike

protein

Avoids handling of

infectious virus,
highly immunogenic,
rapid scale up

possible.

High reactivity

vaccine.

of (Duetal., 2009)

S-protein

length)

(Full

Spike

protein

Produces good T-cell
response, neutralizing
and

antibodies

protective immunity.

May cause liver
damage and enhance

infection.

(Czub et al., 2005)

Viral-vector

Spike

protein

Produces good quality
neutralizing

antibodies, protective
immunity and/ or T-

cell responses.

ADE effect could be
induced in susceptible

casces.

(Bisht et al., 2004)

Recombinant

S- Spike

Avoids handling of

Avoids handling of

(Wang et al., 2014)
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protein protein infectious virus, infectious virus,

adjuvants could adjuvants could

increase increase

immunogenicity. immunogenicity.
Receptor- Entire Produces  protective Unknown (Du et al., 2008)
Binding-Domain  virion immunity,
(RBD) neutralizing antibodies

and T-cell response
Deoxyribonucleic Entire Produces good quality Limited response; (Liu et al., 2007)
acid (DNA) virion neutralizing mutants could not be

antibodies, protective neutralized.

immunity and/ or T-

cell responses.
Recombinant Entire Results in  cross More doses are (Zakharchouk et
Receptor- virion protection, provides required as adjuvants al., 2007)
Binding-Domain protective immunity,

(rRBD)

produces neutralizing
antibodies and T-cell
response; More safe

and effective vaccine

than other RBD based
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vaccines.

Killed

(An inactivated)

vaccine Entire

virion

Existing  production
process for licensed
vaccines could Dbe
utilized; No need for
additional
infrastructure;
immunogenicity could

be improved with the

use of adjuvants.

Utlization of high
concentration of virus
(attenuated virus could
solve  this  issue);

Integrity of epitope/

antigen is an issue.

(Bolles et al.,

2011)

An attenuated Entire

vaccine (Live)

virion

Existing  production
process for licensed
vaccines could be
utilized; No need for

additional

infrastructure.

Longer duration to
obtain attenuated
coronavirus vaccine

seeds; extensive testing
required for safety

issues.

(Lamirande et al.,

2008)
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